Hydro-distilled essential oils from Acorus calamus rhizomes collected from six different geographical zones in the northwest Himalayan region of Uttarakhand have been analyzed by GC and GC/MS. All the oils differed in their qualitative and quantitative make up, although β-asarone was the major constituent of all of them. The essential oils and the isolated β-asarone were screened for anthelmintic activity using contractility of Ascaridia galli. β-Asarone, in particular, showed potent activity with IC 50 values of 75.4 ± 61.8 ng/mL.
Acorus calamus L. (Araceae), commercially known as sweet flag or vacha, is a semi aquatic perennial herb with creeping rhizomes. The rhizomes have been valued since ancient times and credited with various medicinal properties in the Indian Ayurvedic System of Medicine, including antispasmodic, carminative and anthelmintic activities, as well as for use in epilepsy and mental diseases. The root oil has been reported to possess tranquillizing and antibiotic activity, but has been shown to have toxic and carcinogenic effects [1] [2] [3] . In combination with other herbal drugs, A. calamus showed antidepressant properties [4] . The dried rhizomes and their essential oil have also been tested for their activity as an insecticide [5] . β-Asarone, α-asarone and linalool have been reported earlier from A. calamus collected from the lower Himalayan region [6] . Rhizomes and essential oils of European A. calamus are used as flavoring agents and in medicine. The essential oils of these European collections are either devoid of β-asarone [7] or contain very little of it, whereas β-asarone is the major constituent of A. calamus essential oils of Indian origin. Some collections from temperate regions of India, particularly from Kashmir, are similar to European collections (Shyobunone type), whereas the oils of Asiatic origin mainly contain β-asarone [8] . DNA profiling of two distinct β-asarone and sesquiterpenoids rich chemotypes have also been reported [9] . α-and β-Asarone present in the rhizome of A. calamus have been reported to protect an accelerated recovery from acrylamide induced neuropathy [10] . Antispasmodic activity of A. calamus has also been reported. The mechanism is explained through blocking of the calcium channel [11] . The fraction of A. calamus devoid of β-asarone enhances adipocite differentiation in 3T3-l1 cells [12] . In vitro acetylcholinesterase inhibitory activity of the essential oil of A. calamus and β-asarone has been reported recently [13] . Keeping the pharmacological activity and commercial potential of the plant in view, it is important to examine the chemical variations in terms of volatile oil and anthelmintic activity of A. calamus growing in different micro climatic/geographical regions of Uttarakhand. Compound  KI*  I  II  III  IV Terpene composition: GC and GC-MS analyses of essential oils of A. calamus rhizomes from wild collections (I-VI) showed variations in their quantitative chemical make up. β-Asarone was the major constituent of all the oils and varied from 91.6% to 76.4% of the total (Table 1) . Fresh rhizomes collected from Chamoli and Almora districts had the highest β-asarone content, while the sample from Dehradun possessed the lowest. Other common constituents in all six collections were α-pinene, camphene, linalool, (Z)-methyl isoeugenol, α-calacorene and spathulenol. Variations among the minor constituents were observed for all the oils. The unique feature was the comparatively low β-asarone content of the plant material collected from dry soil conditions in lower Himalaya. Among the phenyl propanoids present were β-asarone and α-asarone in addition to a very low to trace quantity of (Z)-methyl isoeugenol and methyl eugenol. The monoterpenoids contribute only about 1.0% of the oil. Among sesquiterpenoid constituents γ-muurolene, β-caryophyllene, germacrene D-4-ol, spathulenol and caryophyllene oxide were identified. organ bath mounted with A. galli, showed significant contraction in frequency and base line tension as compared with the control drug Albendazole, while the amplitude of contraction was less significant in comparison with the control. Similarly, cumulative doses of 1, 3, 10, 30, 100, 300, 1000 and 3000 ng/mL of β-asarone showed significant inhibition in frequency, amplitude and base line tension as compared with the control drug. The IC 50 values of the rhizome oil and βasarone, based on the effect on amplitude, were 0.43 + 0.10 mg/mL and 75.4 + 61.8 ng/mL, respectively.
% in rhizome oil (FID response
A chemotype having a low β-asarone content and a high content of camphor and calamene has been reported from the Kashmir region of India [14] . However, we could not detect higher contents of shyobunones or camphor in any of our collections. Thus, our samples showed some chemical variations but maintained almost all the major constituents. Earlier it had been suggested that the phenyl propanoid contents of rhizome oils are indicative of the level of polyploidy within A. calamus [8, 14] . Anthelmintic activity on A. galli of poultry of both the essential oil of A. calamus and its active compound was recorded. A. galli was selected as a model for conducting experiments as these worms are easily available from freshly slaughtered birds. The worms can survive in vitro for days together at 40 ± 1ºC and the whole worm could be mounted easily in the organ bath to conduct in vitro spontaneous motility studies. A. galli has also been suggested as a suitable model for screening for anthelmintic drugs [15] . These observations indicate that anthelmintic activity of phenyl propanoids is specific and depends on the chemical nature of the compound. A minor chemical difference in the molecule seems to alter the activity. However, the activity of the oil was not very potent. Therefore, the data reveal that the inhibition of contractility of A. galli worms by β-asarone might explain the anthelmintic activity of the plants. Despite the fact that β-asarone has been reported as being toxic and carcinogenic [16] , the plant is edible and the rhizomes have been used for commercial purposes. It has been suggested that using the whole herb in small doses is safe [17] .
A. calamus oil and β-asarone at increasing cumulative concentrations caused gradual suppression of frequency, amplitude and base line tension of contractility of A. galli in tissue bath experiment. The maximum efficacy in the form of decrease in frequency, amplitude and base line tension of the graph was observed at the cumulative dose of 3 mg/mL of essential oil and 3000 ng/mL of its active compound (β-asarone). The paralysis was of a reversible type. In conclusion the essential oil of A. calamus and β-asarone show good Anthelmentic activity against A. galli.
Experimental

Collection, extraction and analysis of essential oil constituents:
Fresh rhizomes of A. calamus were collected from different natural habitats of six districts of Uttarakhand viz., I: Champawat, II: Pithoragarh, III: US Nagar, IV: Dehradun, V: Chamoli, VI: Almora and identified by local taxonomist. Voucher specimen has been deposited at Department of Chemistry, GB Pant University of Agriculture & Technology, Pantnagar. The essential oil was obtained by hydro-distillation of crushed fresh rhizomes (500 g; each) in a Clevenger apparatus. The oils were obtained by extraction of the water distillate with diethyl ether, then dried over anhydrous sodium sulfate and stored in amber vials in the refrigerator. The yields were 1.1, 1.0, 0.9, 0.9, 1.1 and 1.3%, respectively for samples I to VI. was programmed at 3ºC/ min using He as carrier gas at 1.0 mL/min. The injector temperature was 210ºC, injection size 0.1 µL prepared in hexane, split ratio 1:40. MS were taken at 70 eV (EI) with mass range of m/z 40-450. Characterization was done on the basis of Retention Index, co injections, Library MS Search (NIST & WILEY) and by comparing with the mass spectral literature data [18] .
Determination of in vitro spontaneous muscular contraction of Ascaridia galli: Ascaridia galli worms, collected from the intestine of freshly slaughtered fowls (Gallus gallus) were mounted on a tissue bath of 4 mL capacity in Tyrode solution and using a force transducer connected to a physiograph (Tyrode solution composition was comprised of 8 g NaCl, 0.2 g CaCl 2 , 0.2 g KCl, 1 g glucose, 1 g NaHCO 3 , 0.01-0.1 g MgCl 2 .6H 2 O, 0.05 g NaH 2 PO 4 .2H 2 O in 1 L distilled water). The freshly prepared solution of A. calamus rhizome oil and its active compound were added at cumulative doses to suspended worms and rhythmic motility was recorded continuously.
The bath temperature was maintained at 40 ± 1ºC without aeration since A. galli is an anaerobe. The worm was allowed to equilibrate for a period of about 30 min, then the Tyrode solution in the organ bath was changed every 15 min. After equilibration, the worm was set to a resting tension of 0.5 g and isometric recordings were made using a force transducer on an ink writing physiograph (Bio Divice, India) for 15 min. Cumulative doses of essential oil (0.1-3.0 mg/mL) or its active compound (1-3000 ng/mL) were added to the tissue bath to record their effects. Each dose was allowed to act for 5 min with continuous recording of movements with the help of the physiograph at 0.25 mm/s chart speed. Dose-response curves were constructed and the IC 50 values of the oils were calculated.
